Parental Monitoring Moderates the Importance of Genetic and Environmental Influences on Adolescent Smoking
Cigarette smoking is a major preventable cause of premature death (Center for Disease Control, 2006) . The significant morbidity and mortality associated with smoking underscores the need to understand what factors are involved in the establishment of smoking patterns. The vast majority of tobacco users initiate use during adolescence (Marshall et al., 2006) . One factor thought to contribute to adolescent smoking is parenting. Smoking is known to be transmitted within families intergenerationally (Bierut et al., 1998) , and to the extent that parents have an influence on their children's smoking practices, this may provide an important avenue for prevention efforts. Several aspects of parenting have been related to adolescent smoking, including poor parent-child relations, low parental involvement, and poor parental monitoring (Harakeh, Scholte, Vermulst, de Vries, & Engels, 2004) . However, the effects of these general parenting variables do not appear to be mediated directly through associations with smokingspecific messages that parents communicate to their children (Chassin et al., 2005) . Instead, these aspects of parenting have been related more broadly to a spectrum of adolescent problem behavior that includes externalizing behavior and other forms of substance use in addition to smoking. Parental monitoring has received particular attention in relation to adolescent substance use, with a substantial body of literature consistently demonstrating that higher parental monitoring is associated with reduced risk of smoking and alcohol use, as well as other deviant and risky behaviors among adolescents (Barnes & Farrell, 1992; Chilcoat & Anthony, 1996; Steinberg, Fletcher, & Darling, 1994) . In studies that have examined multiple dimensions of parenting, monitoring often has the strongest effect (Barnes & Farrell, 1992; Griffin, Botvin, Scheier, Diaz, & Miller, 2000) .
Despite the fairly consistent association between parenting and adolescent substance use, the effect sizes associated with measures of parenting and outcome are generally small in magnitude, particularly in comparison with the strong historical and theoretical belief in the importance of parenting (Watson, 1924) . Furthermore, most of these findings are based on traditional parent-child correlations, which are unable to tease apart genetic and environment influences. In recognition of this complexity, there has been a growing movement to study parenting effects in the context of genetically informative designs (Caspi et al., 2002; Heath et al., 2002; Jaffee, Moffitt, Caspi, & Taylor, 2003; Moffitt, 2005; ). This has been made possible, in part, by the development of more sophisticated methods of analysis and study designs (Dick, Rose, Viken, Kaprio, & Koskenvuo, 2001; Purcell, 2002) . In this paper, we use data from a longitudinal, population-based Finnish twin study of adolescent behavior (FinnTwin12), to study the influence of parental monitoring measured at age 12, on the subsequent development of smoking patterns at age 14. We first extend the traditional twin design to incorporate measured information about parental monitoring, enabling us to estimate the amount of variance attributable to parental monitoring on adolescent smoking within our population-based sample, when studied as a simple main effect. This model is comparable to what has routinely been done in the parenting literature and serves as a reference for comparison with the more complex, genetically informative models that we have developed that allow us to go beyond main effects and study how parental monitoring may moderate the expression of genetic predispositions and the importance of other environmental variables.
Methods

Participants and Procedures
FinnTwin12 (FT12) is a population-based, developmental twin study of health-related behaviors and correlated risk factors (Kaprio, Pulkkinen, & Rose, 2002) . It consists of five consecutive birth cohorts (1983-87) of twins identified in Finland's Population Registry Center (PRC), permitting exhaustive and unbiased ascertainment of all twins living and resident in the country. Questionnaires were mailed to all eligible families, of which 87% completed the initial family questionnaire. Immediately on receipt of the completed family questionnaire, individual questionnaires were mailed to both co-twins and both their parents (including parents not residing with either twin child). The twins' self-report questionnaires were mailed in the late autumn of the year in which the consecutive birth cohorts reached age 11, and most twins returned their questionnaires in the first month(s) of the year they turned age 12 (mean age at response 11.4 years, SD=0.3) . All twins were sent a follow-up questionnaire within three months of the date they reached age 14 (mean age at response 14.1 years, SD=0.1). Response rates were ~90% across both waves of questionnaire assessment. Assessments of non-responders at each stage uncovered no evidence of biased response.
Zygosity was determined using a well-validated questionnaire completed by both co-twins at the baseline, containing items regarding similarity and confusability (Kaprio et al., 2002) . This was supplemented by parental information and comparisons of school photographs for twins whose zygosity could not be determined definitively from information in the questionnaires. The sample used in the analyses presented here consisted of 812 monozygotic (MZ) twin pairs (411 female pairs, 401 male pairs), and 830 same-sex dizygotic (DZ) twin pairs (391 female and 439 male pairs). Preliminary power analyses suggested that there was low power to discriminate sex effects, due to the large sample sizes necessary for adequate power to detect moderating effects with ordinal outcomes. Accordingly female and male twins were collapsed by zygosity in modeling.
Measures
Parental monitoring-Monitoring was assessed with three questions included in the twins' questionnaire administered in late autumn, at the age 11-12 baseline. The questions, created by Chassin et al. (Chassin, Pillow, Curran, Molina, & Barrera, 1993) , asked the adolescents to report on the degree to which their parent(s) discuss with them their daily plans, know of their interests and activities, and know their whereabouts and the identity of their associates when they are not at home; responses were made on a 4-point scale from "almost always" to "almost never". For evaluation of the psychometric properties of the three parental monitoring questions in our Finnish data, we randomly chose one twin from each twin pair for a subset of the data; coefficient alpha was .72, comparable to that reported by Chassin et al. (1993) , and the item-total correlations for the three items ranged from .77 to .83. The correlation of monitoring scores between co-twins of all same-sex twin pairs was 0.53, reflecting substantial agreement, but also substantial variation, in perceived monitoring by twin siblings. We note that although we refer to this measure as "parental monitoring" it likely reflects both solicited information and spontaneous information provided by the child .
Adolescent smoking-Adolescent smoking at age 14 was assessed with a multi-part question that first asked "Have you ever smoked (or tried smoking)?" to which adolescents responded yes or no. Adolescents who responded yes subsequently answered a question that asked "How many cigarettes have you smoked altogether up to now?" with four response options: only one, about 2-10, about 11-50, over 50. These items were collapsed to form one variable with 5 alternative responses, in which 0 represented the individuals who reported never trying smoking, 1 represented individuals who had only smoked 1 cigarette, 2=individuals who reported smoking 2-10 cigarettes, etc. In the FinnTwin12 sample of individuals from samesex twin pairs, 41% of children reported that they had tried smoking. Of those individuals, 35% reported that they had smoked only 1 cigarette by age 14, 32% reported that they had smoked 2-10 cigarettes; 15% had smoked 11-50 cigarettes, and 19% reported that they had smoked >50 cigarettes. Males were more likely to report increased experimentation with smoking compared to females (see Table 1 ). Accordingly, thresholds were modeled separately for males and females in all moderation models.
Data Analyses
The basic twin model incorporating main effects of parenting-Allowing for certain assumptions, comparisons of MZ and DZ twins yield information about the degree of influence that can be attributed to genetic and environmental factors for a particular outcome (Plomin, DeFries, McClearn, & McGuffin, 2001) . The basic genetically informative twin model partitions variance in a behavior into additive genetic influences (A), common environmental influences (C) [or genetic influences due to dominance (D)], and unique environmental influences (E). Genetic influences correlate 1.0 between monozygotic (MZ) twins, who share all of their genes identical-by-descent, and 0.5 between dizygotic (DZ) twins, who share, on average, 50% of their segregating genes, as do ordinary siblings. Common environmental effects, as defined in biometrical twin modeling, refer to all environmental influences that make siblings more similar to one another. By definition, these influences correlate 1.0 between both MZ and DZ twins. If common environmental effects are important, we expect the DZ correlation to exceed half the MZ correlation (because rDZ= ½ rMZ is the degree of similarity expected based solely on additive genetic similarity). When the DZ correlation is less than half the MZ correlation, it suggests that genetic effects due to dominance (D) are acting. When only twins are available, C and D cannot be estimated simultaneously in the twin model. For our adolescent smoking variable, the DZ correlation exceeded ½ the MZ correlation, suggesting that C effects were important. Accordingly, ACE models (rather than ADE models) were fit to the data. Unique environmental influences (E) are uncorrelated between co-twins and have the effect of decreasing the covariance between siblings. The E term also includes error variance. When information on specific measured variables is obtained, this basic model can be extended to estimate the amount of variance that can be attributed to the specific measure (for another example of this model, see (Caspi, Taylor, Moffitt, & Plomin, 2000) ). Parental monitoring was entered separately according to each twin's report. Figure 1 shows a classic twin model (for only one twin in the pair) that has been modified to include a moderation component. The standard paths a, c, and e, indicating the magnitude of effect of additive genetic influences, common environmental influences, and unique environmental influences, now each include a β term, which indicates the significance of a potential moderator variable M on each of these genetic and environmental influences. The value of M changes from subject to subject, taking on the value of the measured variable for that subject (i.e. parental monitoring scores in our models). In the moderation model, the additive genetic value is a linear function of the moderator M, represented by the equation a + β X M, where β X is an unknown parameter to be estimated from the data, representing the magnitude of the moderating effect. If β X is significantly different from zero, there is evidence for a moderating effect. A similar logic follows for the β Y and β Z pathways, which represent the extent to which a specific moderator variable alters the importance of common and unique environmental influences, respectively. In other words, the moderation model allows us to test whether the importance of additive genetic effects (a), common environmental effects (c), and unique environmental effects (e) are changing as a function of the measured variable. The pathway μ + β M M models main effects of the moderator variable on the outcome. Also included in this pathway are any geneenvironment correlation effects between the moderator variable and outcome. Thus, any covariance between the moderator and the outcome is incorporated into the means model (Purcell, 2002; Turkheimer, Haley, Waldron, D'Onofrio, & Gottesman, 2003) ; accordingly, any interactions detected will be associated with the variance components unique to the outcome (i.e. genetic influences on smoking that are not shared with genetic influences on twins' reports of parenting).
Twin models incorporating moderation effects-
All modeling was conducted using the raw ordinal data option in Mx (Neale, Boker, Xie, & Maes, 1999) . Mx is a structural equation modeling program developed specifically for the use of twin data. When the outcome is ordinal, the model involves the use of thresholds, rather than means. All moderating variables were standardized for analyses. The first application of the moderation model using quasi-continuous environmental moderators was to the study of socioregional factors on alcohol use among young adults using Finnish twin data . These models have subsequently been detailed and expanded (Purcell, 2002) . The significance of each of the parameters in the model can be tested by dropping a parameter and evaluating the change in -2 log likelihood between the initial model and the nested submodel. This difference is evaluated using a chi square distribution. A significant change in fit between the models (p < .05) for the difference in degrees of freedom indicates that dropping the parameter caused a significant decrease in fit of the model, indicating that pathway significantly contributes to the outcome trait and should be retained in the model.
Results
Main Effects
Parental monitoring had a significant main effect on adolescent smoking, accounting for 2% of the total variance in adolescent smoking (95% CI: .01 -.03). Genetic influences accounted for 21% of the variance (95% Confidence Interval (CI): .13 -.30), common environmental effects accounted for 67% of the variance (95% CI: .58 -.74), and unique environmental effects accounted for the remaining 10% of the variance (95% CI: .08 -.13). Dropping parental monitoring from the model caused a highly significant decrease in fit (Δχ 2 = 39.003, 1df, p<0.001).
Moderating Effects
Parental monitoring significantly moderated the effects of genetic factors, common environmental factors, and unique environmental factors on adolescent smoking. Dropping the moderating effect associated with each of these variance components caused a significant decrease in fit of the model. See Table 2 for the fit statistics associated with each submodel. Figure 2 shows the changing variance components across different levels of parental monitoring. As parental monitoring increased, common environmental effects increased in importance in the development of smoking behavior, whereas genetic effects significantly decreased in importance, and unique environmental effects also showed a decrease in importance. Genetic factors (a 2 ) accounted for more than 60% of the variance at the extreme low end of parental monitoring, while accounting for less than 15% of the variance at extremely high levels of monitoring. Conversely, common environmental effects accounted for only about 20% of the variance at the extreme low end of monitoring, but more than 80% of the variance at the extremely high end of monitoring. Unique environmental effects decreased from approximately 20% to <10% of the total variance with increasing levels of monitoring.
Discussion
The importance of parenting and its effect on children's outcomes has been a controversial and highly debated topic (Maccoby, 2000; Scarr & Riccuitti, 1991) , due in part to the small effect sizes often associated with parenting variables. Nonetheless, parenting remains of important theoretical interest in the etiology of many problem behaviors that have their onset in adolescence, ranging from externalizing psychopathology to substance use. Consistent with many previous studies, we found that parental monitoring had a highly significant main effect on adolescent smoking in our population-based, epidemiological sample; however, monitoring accounted for only 2% of the variance in smoking. More interestingly, when testing for more complex effects associated with parenting, we found that the relative importance of genetic and environmental influences changed dramatically as a function of parental monitoring. The importance of adolescent's genetic predispositions decreased, while the importance of common environmental influences increased, with increasing levels of parental monitoring. These effects were dramatic, with more than a 3-fold difference in genetic effects, and a 4-fold difference in common environmental effects, from one extreme in parental monitoring to the other. These analyses suggest that when adolescents receive little parental monitoring, it creates an environment that allows for greater opportunity to express genetic predispositions. These results are in line with previous findings from the Finnish twin studies, which indicated that in neighborhoods where there is less stability, presumably engendering less community monitoring, there was greater evidence of genetic influence . Conversely, in more supervised and restricted environments, there was less opportunity to express genetic predispositions and greater influence of environmental effects Rose et al., 2001) . Finally, we found that the influence of unique environmental effects decreased with increasing levels of parental monitoring. This indicates that at higher levels of monitoring, adolescents' smoking patterns are less likely to be influenced by unique environmental events.
The results of this study should be interpreted in the context of several limitations. As stated previously, our measure of parental monitoring does not distinguish between the extent to which parents are soliciting information about the whereabouts and activities of their children and the extent to which parents have knowledge of their children's activities due to spontaneous disclosure on the part of the child. We do have information on a related dimension of parenting in the FinnTwin sample, a 10 item scale measuring parental restrictiveness (Metsapelto & Pulkkinen, 2003) . Restrictiveness was reported by the parents, rather than the adolescents, and it contains items that may be viewed as more closely related to attempts at parental control. We note that the direction of moderating effects for this variable paralleled the results for parental monitoring.
Secondly, we were unable to test whether parenting effects on substance use differed between adolescent boys and girls. The complexity of these moderation models requires large sample sizes to detect significant interaction, particularly when both A and C effects are involved in the outcome, as is the case with adolescent smoking, and when the outcome measure is ordinal. To achieve sufficient power to detect these effects, we collapsed across sex. However, we did fit the model separately to male and female data to examine the pattern of results for suggestion of possible sex differences. The results obtained from these sex-specific analyses looked very similar for males and females to the overall results obtained from the full sample.
Thirdly, it is uncertain to what extent these results are unique to the Finnish culture. Finnish smoking laws are very similar to those in the United States, with tobacco sales forbidden to minors under the age of 18. Smoking is forbidden at all places of work and on school grounds, in public transportation and public indoor spaces, and there are non-smoking sections in all restaurants (with a total ban of smoking in restaurants to begin in 2007). Rates of smoking in Finland are comparable to other Western countries, including the Unites States (Center for Disease Control, 2006; Marshall et al., 2006) . However, Finnish children are traditionally given a great deal of independence at an early age. Both mothers and fathers of adolescent children have the same rates of workforce participation. Thus, it is not clear whether the same moderating effects associated with parental monitoring will be observed in other cultures where parental control is much greater at this age, and mothers are more frequently at home or do only part-time work. This possibility will be interesting to explore in other datasets.
In conclusion, we have studied the effects of parental monitoring, measured at age 12, on smoking patterns among adolescents at age 14, using a genetically informative design. We find that parental monitoring had a small, significant effect on adolescent smoking when studied in a main effect framework. However, applying more complex interactive models to the data, we find strong moderating effects associated with parental monitoring, whereby the importance of genetic influences dramatically decreased, and the importance of common environmental influences significantly increased, with increasing levels of parental monitoring. The changing importance of genetic effects as a function of parental monitoring might be considered an example of gene-environment interaction. However, we have avoided this terminology in the paper, as parental monitoring is not truly an environmental variable in the sense that it is influenced by both genetic and environmental factors itself, reflecting both geneticallyinfluenced characteristics of the parents (Perusse, Neale, Heath, & Eaves, 1994; Wade & Kendler, 2000) , as well as elicited responses based on the children's genetically-influenced temperaments (O'Connor, Deater-Deckard, Fulker, Rutter, & Plomin, 1998; Plomin & Bergeman, 1991; Plomin, McClearn, Pedersen, Nesselroade, & Bergeman, 1989; Reiss, 1995; D. Rowe, 1981) . Understanding the factors that impact parental monitoring is an important area of study itself. Particularly since our analyses powerfully demonstrate that the etiology of adolescent smoking varies dramatically as a function of parental monitoring. Moderation model. The latent variable A, represented in a circle, indicates additive genetic influences on the trait (T) of interest. C represents common (shared) environmental influences on the trait, and latent E represents unique environmental influences, which are uncorrelated between the twins. The triangle indicates the mean/thresholds for T and is necessary when modeling raw data. The standard paths a, c, and e, indicating the magnitude of effect of each latent variable on the trait, each include a β term, which indicates the significance of a measured moderator variable M on each of these genetic and environmental influences. Changing variance in additive genetic effects, common environmental effects, and unique environmental effects on adolescent smoking across increasing levels of standardized parental monitoring scores.
